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RADIATION DETECTOR AND RADIATION
IMAGING DEVICE INCLUDING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application1s a 35 U.S.C. § 371 national stage
application of International Application No. PCT/JP2020/
043669, filed Nov. 24, 2020, the disclosure of which 1s

incorporated herein by reference. The PCT International
Application was published 1n the Japanese language.

TECHNICAL FIELD

The present disclosure describes a radiation detector and
a radiation 1maging device including same.

BACKGROUND ART

As a conventional imaging device using X-rays, an X-ray
CT (Computed Tomography) apparatus has been known as
described 1n Patent Literature 1 below. This X-ray CT
apparatus has a function of reconstructing a CT image
capable of discriminating a substance by detecting X-rays
penetrating a subject at two or more energy levels (herein-
alter referred to as spectral CT). According to the spectral
CT, 1t 1s possible to obtain not only a CT 1mage, which 1s a
distribution of linear attenuation coeflicients, but also a
distribution of physical property data such as effective
atomic numbers.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Unexamined Patent Publi-
cation No. 2020-99667

SUMMARY OF INVENTION

Technical Problem

The imaging device having the above-mentioned spectral
CT function may generate a cross-sectional 1image obtained
by superimposing a distribution of physical property data,
which 1s mapped to a color, on a normal CT image. In such
an 1maging device, when a configuration including a radia-
tion detector having a plurality of pixels 1s adopted, 1t 1s
necessary to acquire intensity information used to recon-
struct a CT 1mage and intensity information of two or more
energy levels (hereinafter referred to as “energy informa-
tion”) from all the pixels. As a result, 1n the conventional
imaging device, processing load and power consumption
tend to increase.

The disclosure describes a radiation detector and a radia-
tion 1imaging device including the same capable of providing
intensity information and energy information while reducing
processing load and power consumption.

Solution to Problem

A radiation detector which 1s an aspect of the disclosure
comprises an electric charge generation umt which includes
a plurality of electric charge generation regions each con-
figured to generate an electric charge corresponding to
energy or the number of particles of radiation penetrating a
subject, and a plurality of read circuits which are stacked
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2

with the electric charge generation unit. The plurality of
clectric charge generation regions are two-dimensionally
arranged 1n the electric charge generation unit, the plurality
of read circuits each configured to output an intensity signal
of the radiation based on the electric charge generated by
cach of the plurality of electric charge generation regions,
and some read circuits thinned out from the plurality of read
circuits each generate a spectral signal related to a spectrum
of the radiation based on the electric charge and output the
spectral signal.

In this radiation detector, an electric charge corresponding,
to energy or the number of particles of incident radiation 1s
generated 1n each of the plurality of electric charge genera-
tion regions of the electric charge generation unit, and
intensity information of radiation based on the electric
charge 1s output 1n a read circuit corresponding to each of the
clectric charge generation regions. In addition, a spectral
signal related to a spectrum of the radiation based on the
clectric charge 1s generated and output 1n each of some read
circuits thinned out from the plurality of read circuits. In this
way, 1t 1s possible to reduce energy information for each
clectric charge generation region output by the radiation
detector while maintaining resolution of intensity informa-
tion of an 1mage of the subject, and as a result, it 1s possible
to reduce processing load and power consumption while
maintaining the resolution of the 1image of the subject to be
output.

In the aspect, the some read circuits may each generate the
spectral signal based on the electric charge generated 1n each
of the electric charge generation regions disposed to corre-
spond to the read circuits. In this case, based on the electric
charge generated in each of some electric charge generation
regions thinned out from the plurality of electric charge
generation regions, a spectral signal related to a spectrum of
radiation 1ncident on each of the electric charge generation
regions 15 generated and output. In this way, 1t 1s possible to
output intensity information and energy information while
reducing processing load and power consumption.

In the aspect, the some read circuits may each generate the
spectral signal based on the electric charge generated 1n each
of the corresponding electric charge generation regions
disposed to correspond to the read circuits and the electric
charge generated 1n the electric charge generation regions
within a predetermined range of each of the corresponding
clectric charge generation regions. In this case, based on an
clectric charge generated 1n a plurality of electric charge
generation regions included in a predetermined range among
a plurality of electric charge generation regions, a spectral
signal obtained by integrating spectra of radiation incident
on the respective electric charge generation regions 1n the
predetermined range 1s generated and output. In this way, 1t
1s possible to output itensity mformation and energy infor-
mation while reducing processing load and power consump-
tion.

In the aspect, the some read circuits may each generate, as
the spectral signal, data indicating a plurality of combina-
tions of energy of the radiation and an intensity value
corresponding to the energy. According to this configuration,
it 1s possible to efliciently output energy information for
obtaining a distribution of physical property data from only
the some read circuits thinned out. As a result, 1t 1s possible
to output intensity information and energy information while
reducing processing load and power consumption.

A radiation 1maging device according to another aspect of
the disclosure includes the radiation detector, and a proces-
sor configured to generate an 1mage based on the intensity
signal and the spectral signal output from the radiation
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detector. According to this radiation 1imaging device, 1t 1s
possible to realize generation of an 1mage based on 1ntensity
information and energy information while reducing process-
ing load and power consumption.

In another aspect, the processor may generate information
representing an 1mage of the subject as high-resolution
luminance mformation based on the intensity signal output
from each of the plurality of read circuits, generate infor-
mation representing a distribution of physical properties of
the subject as low-resolution color information based on the
spectral signal output from each of the some read circuits,
and generate a color image of the subject by combining the
luminance information and the color information. According
to this configuration, a delicate 1mage of the subject may be
ciliciently generated 1n a state where a physical property
distribution may be visually recognized.

In another aspect, the processor may have a function of
reconstructing a CT 1mage based on the intensity signal and
the spectral signal output from the radiation detector. In such
a configuration, spectral CT with reduced processing load
and power consumption may be realized.

Advantageous Effects of Invention

A radiation detector and a radiation imaging device of the
disclosure may provide intensity information and energy
information while reducing processing load and power con-
sumption.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view illustrating a radiation
detector 100 according to an embodiment.

FIG. 2 1s a cross-sectional view of a radiation detection
clement 1 of FIG. 1.

FIG. 3 1s a block diagram 1llustrating a configuration of a
radiation 1maging device 200 according to the embodiment.

FIG. 4 1s a block diagram illustrating an example of a
functional configuration of a processor 9 of FIG. 3.

FIG. 5 1s a diagram illustrating examples of an image
processed by the processor 9.

FIG. 6 1s a diagram illustrating examples of an image
processed by the processor 9.

FIG. 7 1s a cross-sectional view of a radiation detection
clement 1 1n a modification.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a radiation detector and a radiation imaging,
device of the disclosure will be described 1n detail with
reference to the accompanying drawings. In the description
of the drawings, the same elements are designated by the
same reference symbols, and duplicate description 1s omit-
ted.

A radiation detector 100 according to an embodiment
illustrated in FIG. 1 1s a device for obtaining a cross-
sectional 1mage based on radiation that reaches through a
subject. The radiation may be, for example, gamma rays,
X-rays, alpha rays, beta rays, etc., and 1s X-rays in the
present embodiment. The radiation detector 100 includes a
radiation detection element 1, a processing unit 2, and a
controller 3.

The radiation detection element 1 has a rectangular plate-
shaped read circuit board 8 and a rectangular plate-shaped
detection element board (electric charge generation unit) 7
stacked on the read circuit board 8. The detection element
board 7 1s a substrate made of a material that generates an
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4

clectric charge corresponding to energy of an X-ray that
enters by penetrating the subject. However, when a particle
beam 1s detected as radiation, the detection element board 7
1s made of a material that generates an electric charge
corresponding to the number of particles of radiation. The
detection element board 7 has a plurality of pixels, and
generates electron-hole pairs (electric charge pairs) by
X-rays incident on the respective pixels. As the detection
clement board 7, for example, 1t 1s possible to use a Cd (Zn)
Te electric charge generator, a S1 electric charge generator,
a Ge clectric charge generator, a GaAs electric charge
generator, a GaN electric charge generator, a T1Br electric
charge generator, etc. Further, as the detection element board
7, 1t 1s possible to use a device including a scintillator and
a photodetector for each pixel. The scintillator converts an
X-ray 1nto light. The photodetector converts light generated
by the scintillator into an electric charge. The read circuit
board 8 1s a board incorporating a circuit group that gener-
ates and outputs a signal based on an electric charge gen-
crated for each pixel by the detection element board 7.

FIG. 2 1s a cross-sectional view of the radiation detection
element 1. As described above, the detection element board
7 includes a detection element 7¢ made of a compound
semiconductor such as a rectangular flat plate-shaped CdTe,
a surface electrode 7b, and a plurality of bump electrodes 7c.
The surface electrode 75 1s formed on the entire surface of
the detection element 7a on a radiation incident side. The
bump electrodes 7¢, which are two-dimensionally arranged
protrusion-shaped electrodes, are formed on a back surface
ol the detection element 7a. In the detection element board
7 having such a structure, each of a plurality of regions of
the detection element 7a facing the bump electrodes 7c
forms each of pixels (electric charge generation regions) 7d.
When the radiation detector 100 1s used, a positive bias
voltage 1s applied to the surface electrode 75 from the
outside. As a result, an electric charge corresponding to
energy ol an X-ray incident on each pixel 74 of the detection
clement 7a 1s generated as a current signal, and the current
signal 1s taken out from the corresponding bump electrode
7c to the read circuit board 8. For example, 96x96 bump
clectrodes 7¢ are two-dimensionally arranged on the back
surface of the detection element 7a. In such a configuration,
the radiation detection element 1 has 96x96 pixels 7d
arranged two-dimensionally.

The read circuit board 8 1s arranged on a back surface side
of the detection element board 7 1n a state of being bonded
to the bump electrodes 7¢. The read circuit board 8 incor-
porates a plurality of read circuits 8a and 85 disposed at
positions facing the plurality of pixels 7d of the detection
clement board 7. The plurality of read circuits 8a and 85b 1s
clectrically connected to the plurality of pixels 7d of the
detection element board 7 via the bump electrodes 7ec,
respectively. The plurality of read circuits 8a and 85 1s
provided at positions facing the plurality of pixels 74, the
read circuits 8a are provided at positions facing pixels 7d
obtained by thinning out to one every three pixels from the
plurality of pixels 7d in each of two-dimensional array
directions, and the read circuits 86 are provided at positions
facing pixels 7d other than the thinned-out pixels 7d. That 1s,
the read circuits 8a mean some read circuits thinned out
from the plurality of read circuits 8a and 856 facing all the
pixels 7d of the detection element board 7. In the present
embodiment, the read circuits 8a are provided for every
three pixels 7d thinned out. However, a degree of thinming
out may be appropriately changed to every eight pixels,
every 16 pixels, every 32 pixels, eftc.
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Each of the read circuits 85 processes an electric charge
generated by each pixel 74 of the detection element board 7.
Specifically, based on a current signal output by a pixel 7d
facing a read circuit 85, the read circuit 85 stores the current
signal for a certain period of time and generates an X-ray
intensity signal. Then, the read circuit 85 outputs the inten-
sity signal for each pixel 7d to the processing unit 2
described later. The intensity signal for each pixel 7d output
by the read circuit 86 1s a signal indicating the intensity of
an X-ray incident on each pixel 7d.

The read circuit 8a processes an electric charge generated
by the pixel 7d thinned out from all the pixels 7d of the
detection element board 7. That 1s, the read circuit 8a
includes a multi-channel analyzer (MCA), counts current
signals output by the pixel 7d corresponding to the read
circuit 8a as pulse signals, detects heights of the pulse
signals as energy of an X-ray photon, and records a count
value (intensity value) for each piece of energy. Then, the
read circuit 8a generates data indicating a plurality of
combinations ol a value of energy of an X-ray photon and
a count value (intensity value) of the energy as a spectral
signal representing a spectrum of an incident X-ray. Then,
the read circuit 8a outputs the spectral signal for each pixel
7d to the processing unit 2, which will be described later.
Here, the read circuit 8a may have a function of generating
and outputting an intensity signal for each pixel 7d 1n the
same manner as the read circuit 85, 1n addition to the spectral
signal for each pixel 7d corresponding to the read circuit 8a.
Since the read circuit 8a has a function of generating a
spectral signal, a circuit scale thereof occupied in the read
circuit board 8 i1s larger than that of the read circuit 8b.

Returming to FIG. 1, the processing unit 2 1s connected to
cach of the read circuits 8a and 85 of the read circuit board
8 via a wiring portion 4. The processing unit 2 receives an
intensity signal and a spectral signal for each pixel from each
of the read circuits 8a and 8b. For example, the processing
unit 2 sequentially receives an intensity signal for each pixel
from the read circuit 8b, receives a spectral signal for each
pixel thinned out from the read circuit 8a, and outputs the
received intensity signal and spectral signal for each pixel to
the outside.

The controller 3 1s connected to each of the read circuits
8a and 8b of the read circuit board 8 via the wiring portion
6. The controller 3 provides the plurality of read circuits 8a
and 8b with control signals for controlling timing for detect-
ing an electric charge, timing for generating an intensity
signal and a spectral signal, and output timing thereof in the
plurality of read circuits 8¢ and 8b. For example, the
controller 3 provides a control signal so as to set electric
charge detection timing in synchronization with external
X-ray irradiation timing, and then provides a control signal
so as to sequentially output an intensity signal and a spectral
signal from each pixel 7d of the detection element board 7.

FIG. 3 1s a block diagram 1llustrating a configuration of a
radiation 1maging device 200 according to the embodiment.
The radiation 1maging device 200 includes the above-men-
tioned radiation detector 100 and a processor 9. The pro-
cessor 9 processes an intensity signal of each pixel and a
spectral signal of each pixel output from the radiation
detector 100 to generate and output a cross-sectional 1mage
of the subject. The processor 9 receives an intensity signal
and a spectral signal from the processing unit 2 of the
radiation detector 100 via a network by wired communica-
tion or wireless communication.

The processor 9 comprises a CPU (Central Processing
Unit) that executes an operating system, an application
program, etc., a main storage device including a ROM and
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6

a RAM, an auxiliary storage device including a hard disk, a
flash memory, etc., a communication control device includ-
ing a network card or a wireless communication module, an
input device such as a keyboard, a mouse, or a touch panel,
and an output device such as a monitor or a touch panel
display. Fach functional element of the processor 9 1is
realized by reading a predetermined program on the CPU or
the main storage device and causing the CPU to execute the
program. The CPU operates the communication control
device, the input device, or the output device according to
the program, and reads and writes data in the main storage
device or the auxiliary storage device. Data or a database
required for processing 1s stored 1n the main storage device
or the auxiliary storage device.

FIG. 4 1s a block diagram illustrating an example of a
functional configuration of the processor 9. The processor 9
includes an intensity 1mage generation unit 11, an energy
image generation unit 12, a C'T 1image generation unit 13,
and an 1mage superimposition unit 14 as functional ele-
ments.

The 1ntensity image generation unit 11 uses an intensity
signal of each pixel and a spectral signal of each pixel output
from the radiation detector 100 to generate a high-resolution
intensity image showing an intensity distribution of an X-ray
transmission 1mage in the subject. That 1s, the intensity
image generation unit 11 converts the intensity signal and
the spectral signal of each 1mage into a pixel value of each
pixel of the intensity image. Here, upon acquiring only a
spectral signal for a pixel corresponding to the read circuit
8a, the intensity image generation unit 11 integrates an
intensity value for each piece of energy over all the energy
based on the spectral signal, thereby performing conversion
into an intensity value of the corresponding pixel.

The energy 1image generation unit 12 uses a spectral signal
of each thinned-out pixel output from the radiation detector
100 to generate a low-resolution energy 1image showing an
intensity distribution of an X-ray transmission image in a
predetermined energy band 1n the subject for a plurality of
energy bands. In the present embodiment, since the CT
image generation unit 13 acquires two types ol energy
information by a dual energy CT (dual energy computed
tomography: DECT) scheme, an energy image of two types
of energy bands (for example, 25 keV and 65 keV energy
bands) 1s generated. Here, the energy 1mage generation unit
12 integrates an intensity value for each of the two energy
bands based on a spectral signal of a pixel corresponding to
the read circuit 8a, thereby performing conversion into an
intensity value of a pixel of the energy 1image.

The CT image generation unit 13 acquires high-resolution
intensity images generated by the intensity image generation
umt 11 for various irradiation directions of X-rays with
respect to the subject, and analyzes the intensity images in
the various 1rradiation directions, thereby generating a CT
image showing a high-resolution distribution of linear
attenuation coetlicients on a predetermined fault plane of the
subject. At this time, the CT 1mage generation unit 13 may
adopt a two-dimensional Fourier transform method, a f{il-
tered back projection method, an iterative reconstruction
method, etc. as an 1image reconstruction method used when
the CT 1mage 1s generated.

Further, the CT 1mage generation unit 13 acquires low-
resolution energy 1mages of a plurality of types of energy
bands generated by the energy 1image generation unit 12 for
various 1rradiation directions, and analyzes the low-resolu-
tion energy 1mages, thereby generating a low-resolution CT
image ol a plurality of types of energy bands on a prede-
termined tomographic plane of the subject. At this time, the
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CT 1mage generation unit 13 may adopt the above-men-
tioned methods as an 1mage reconstruction method used
when the CT 1mage 1s generated.

Further, the CT image generation unit 13 generates a
physical property distribution image showing a distribution
of physical properties on a fault plane of the subject based
on low-resolution CT images of a plurality of types of
energy bands. For example, when the dual energy CT
scheme 1s adopted, the CT image generation unit 13 uses the
tollowing equation;

H=p[Z*F(E,Z)+G(E,Z)]

indicating a relationship among a linear attenuation coet-
ficient u, an energy value E, an electron density p, an
atomic number Z, a photoelectric absorption attenua-
tion coellicient F, and a scattering attenuation coetl-
cient G to calculate an effective atomic number Z and
the electron density p for each pixel based on the linear
attenuation coetlicient shown by a CT 1mage of two
energy bands. Here, the photoelectric absorption
attenuation coeflicient F and the scattering attenuation
coellicient G are known functions (for example, map-
ping tables) with the energy value E and the atomic
number 7 as arguments, and are stored in the processor
9 1n advance. Then, the C'T 1image generation unit 13
assigns the calculated effective atomic number Z or
clectron density p for each pixel, thereby generating a
physical property distribution 1mage showing a low-
resolution distribution of the effective atomic number Z
or electron density p.

The 1mage superimposition unit 14 sets each pixel value
of the high-resolution CT 1mage generated by the CT image
generation unit 13 as luminance information of an output
image, sets each pixel value of the low-resolution physical
property distribution 1mage generated by the CT image
generation umt 13 as color information of an output 1mage,
and combines the luminance information and the color
information for each pixel, thereby generating an output
image which 1s a color image. As a result, the image
superimposition unit 14 may output a distribution of linear
attenuation coetlicients on a predetermined fault plane of the
subject and a distribution of physical property values on the
fault plane so that the distributions are simultaneously
visually recognizable. In such an output 1mage, by super-
imposing a low-resolution color grid (line or dot) on a
high-resolution black-and-white 1mage, a viewer may be
allowed to recognize the 1image as a high-resolution color
image by an optical illusion.

FIGS. 5 and 6 1llustrate examples of an 1mage processed
by the processor 9 with a model imitating a bone and a blood
vessel as a subject. In FIG. 5, an image G1 shows a
low-resolution CT 1mage 1n an energy band of 25 keV, an
image G2 shows a low-resolution CT 1mage 1n an energy
band of 65 keV, and an 1mage G3 shows a physical property
distribution 1image of an eflective atomic number generated
based on the image G1 and the image G2, and an 1image G4
shows a physical property distribution 1mage of the electron
density generated based on the image G1 and the image G2.
In FIG. 6, an image GS shows a physical property distribu-
tion 1mage of the electron density when a spectral signal 1s
thinned out every eight pixels, an image G6 shows an output
image on which the image G5 1s superimposed, an image G7
shows a physical property distribution 1image of the electron
density when a spectral signal 1s thinned out every 16 pixels,
an 1mage G8 shows an output 1image on which the image G7
1s superimposed, an 1mage G9 shows a physical property
distribution 1mage of the electron density when a spectral
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signal 1s thinned out every 32 pixels, and an image G10
shows an output image on which the image G9 1s superim-
posed. From these results, it may be seen that when the
degree of thinning 1s every 8 or 16, the electron density
distribution clearly appears in the output image, and the
physical property distribution may be visually displayed.

In the radiation detector 100 described above, electric
charges corresponding to energy of X-rays incident on a
plurality of pixels 7d of the detection element board 7 are
generated, and an intensity signal indicating an intensity
distribution of transmitted X-rays based on the electric
charges 1s output from each of the read circuits 8a and 8b
corresponding to the respective pixels 7d. At the same time,
in each of some read circuits 8a thinned out from the
plurality of read circuits 8a and 85, a spectral signal related
to a spectrum of a transmitted X-ray based on electric
charges 1s generated and output. In this way, it 1s possible to
reduce energy information for each pixel 74 output by the
radiation detector 100 while maintaining the resolution of
the intensity mformation of the transmitted X-ray image of
the subject, and as a result, 1t 1s possible to reduce processing
load and power consumption while maintaiming the resolu-
tion of the 1mage of the subject to be output.

In the present embodiment, some read circuits 8a generate
spectral signals based on electric charges generated 1n pixels
7d disposed corresponding to the read circuits 8a. In this
case, a spectral signal related to a spectrum of a transmitted
X-ray incident on each pixel 7d 1s generated and output
based on electric charges generated i some pixels 7d
thinned out from the plurality of pixels 7d. As a result, 1t 1s
possible to output intensity information and energy infor-
mation while reducing the processing load and power con-
sumption.

In the present embodiment, some read circuits 8a gener-
ate, as spectral signals, data indicating a plurality of com-
binations of energy of a transmitted X-ray and an intensity
value corresponding to the energy. According to this con-
figuration, energy information for obtaining a distribution of
physical property data may be efliciently output from only
some thinned-out read circuits 8a. As a result, intensity
information and energy information may be output while
reducing the processing load and power consumption.

According to the radiation imaging device 200 according
to the present embodiment, since the radiation detector 100
described above 1s provided, 1t 1s possible to realize 1mage
generation based on intensity information and energy infor-
mation while reducing the processing load and power con-
sumption.

In particular, the processor 9 provided in the radiation
imaging device 200 generates mformation representing an
X-ray transmission 1mage ol the subject as high-resolution
luminance mformation based on intensity signals output
from a plurality of read circuits 8a and 8b, generates
information representing a distribution of physical proper-
ties of the subject as low-resolution color information based
on spectral signals output from some read circuits 8a, and
generates a color 1image of the subject by combining the
luminance information and the color information. According
to this configuration, a delicate CT 1mage of the subject may
be efliciently generated 1n a state where a physical property
distribution may be visually recogmized at the same time.

Further, 1n the present embodiment, the processor 9 may
have a function of reconstructing a CT 1mage based on an
intensity signal and a spectral signal output from the radia-
tion detector 100. In such a configuration, spectral CT
having reduced processing load and power consumption
may be realized.
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The radiation detector of the disclosure 1s not limited to
the above-described embodiment. The radiation detector of
the disclosure may be variously modified without departing,
from the subject matter of the claims.

The number of pixels or the degree of thinming in the
radiation detector 100 1n the above-described embodiment 1s
an example, and may be changed in various ways.

Further, the data output by the radiation detector 100 1s
not limited to the intensity signal and the spectral signal
based on the electric charges corresponding to the energy of
the radiation, and may be a signal based on electric charges
corresponding to the number of radiation particles incident
on each pixel of the radiation detector 100.

The configuration of the read circuit board 8 of the
radiation detector 100 in the above-described embodiment
may be changed to a configuration illustrated in FIG. 7. In
a modification 1illustrated mm FIG. 7, a plurality of read
circuits 8¢ connected to read circuits 8a within a predeter-
mined range adjacent to each other in two-dimensional
directions are further provided in the read circuit board 8.
Each of the read circuits 8¢ generates and outputs one
spectral signal by integrating a spectral signal based on an
clectric charge generated by a pixel 7d provided to face one
read circuit 8a, and a spectral signal generated by one or
more read circuits 8a facing a pixel 7d within a predeter-
mined range of the pixel 7d (binning processing 1s per-
formed). For example, upon integrating a plurality of spec-
tral signals into one signal, the read circuit 8¢ performs
integration by adding up or averaging intensity values for
cach of piece of energy.

According to this modification, based on electric charges
generated 1 a plurality of pixels 7d included 1n a predeter-
mined range among a plurality of pixels 7d, a spectral signal
obtained by integrating spectra of transmitted X-rays 1nci-
dent on the respective pixels 7d in the predetermined range

1s generated and output. As a result, 1t 1s possible to output
intensity information and energy information while reducing
the processing load and power consumption.

Further, in the modification, all the read circuits facing the
pixels 7d of the radiation detection element 1 may each have
a function of generating a spectral signal, and a plurality of
read circuits 8¢ may each perform binning process on
spectral signals output from read circuits within a predeter-
mined range.

REFERENCE SIGNS LIST

100: radiation detector, 200: radiation 1imaging device, 7:
detection element board (electric charge generation unit),
7d: pixel (electric charge generation region), 8: read circuit
board, 8a, 8b, 8¢: read circuit, 9: processor.
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The mnvention claimed 1s:
1. A radiation detector comprising:
an electric charge generation umit including a plurality of
clectric charge generation regions each configured to
generate an electric charge corresponding to energy or
the number of particles of radiation penetrating a
subject, the plurality of electric charge generation
regions being two-dimensionally arranged; and
a plurality of read circuits being stacked with the electric
charge generation unit, the plurality of read circuits
cach configured to output an intensity signal of the
radiation based on the electric charge generated by each
of the plurality of electric charge generation regions,

wherein some read circuits thinned out from the plurality
of read circuits each generate a spectral signal related
to a spectrum of the radiation based on the electric
charge and output the spectral signal.

2. The radiation detector according to claim 1, wherein the
some read circuits each generate the spectral signal based on
the electric charge generated 1n each of the electric charge
generation regions disposed to correspond to the read cir-
cuits.

3. The radiation detector according to claim 1, wherein the
some read circuits each generate the spectral signal based on
the electric charge generated in each of the corresponding
clectric charge generation regions disposed to correspond to
the read circuits and the electric charge generated in the
clectric charge generation regions within a predetermined
range ol each of the corresponding electric charge genera-
tion regions.

4. The radiation detector according to claim 1, wherein the
some read circuits each generate, as the spectral signal, data
indicating a plurality of combinations of energy of the
radiation and an intensity value corresponding to the energy.

5. A radiation imaging device comprising:

the radiation detector according to claim 1; and

a processor configured to generate an 1image based on the

intensity signal and the spectral signal output from the
radiation detector.

6. The radiation 1imaging device according to claim 5,
wherein the processor generates information representing an
image ol the subject as high-resolution luminance 1informa-
tion based on the intensity signal output from each of the
plurality of read circuits, generates information representing,
a distribution of physical properties of the subject as low-
resolution color information based on the spectral signal
output from each of the some read circuits, and generates a
color 1mage of the subject by combining the luminance
information and the color information.

7. The radiation 1maging device according to claim 5,
wherein the processor has a function of reconstructing a CT
image based on the intensity signal and the spectral signal

output from the radiation detector.
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